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SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the characteristics and/or reliability of a 
functional element having a conductive high polymer, 

SOLUTION: The functional element is provided with a pair of electrodes 1 and 4, and 
a high polymer structure having a hole conductive layer 5 and an electronic 
conductive layer 2. The high polymer structure is provided with a first super-branch 
high polymer and a second super-branch high polymer, and at least either the first 
super-branch high polymer or the second super- branch high polymer is provided 
with hole conductivity or electronic conductivity. Either the hole conductive layer or 



the electronic conductive layer is provided with the first super-branch high polymer 
or the second super-branch high polymer, and a self^organized structure based on 
non-covalent bonding mutual actions through the first super-branch high polymer or 
the second super-branch high polymer is provided in at least one of the hole 
conductive layer, the electronic conductive layer, or between the hole conductive 
layer and the electronic conductive layer. 
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CLAIMS 



[Claim(s)] 

[Claim 1] the macromolecule structure equipped with a hole conduction layer and an 
electronic conduction layer — it is — the — with a 1 super-branched polymer the - 
- a 2 super-branched polymer — having — the [ said ] — the [ a 1 super-branched 
polymer and / said ] — a 2 super-branched polymer — either at least Either a 1 
super-branched polymer and a super-branched polymer [ 2nd / said / the ] are 
included, hole conduction nature or electronic conduction nature ~ having — either 
said hole conduction layer and said electronic conduction layer — the [ said ] — at 
least one between said hole conduction layer, said electronic conduction layer and 
said hole conduction layer, and said electronic conduction layer — the [ said ] — 
the [ a 1 super-branched polymer or / said ] — the macromolecule structure which 
has the self^organizing structure by the noncovalent bond-interaction through a 2 



super-branched polymer. 

[Claim 2] the [ said ] — a 1 super-branched polymer — hole conduction nature — 
having — the [ said ] — the macromolecule structure according to claim 1 in which 
a 2 supei^branched polymer has electronic conduction nature. 
[Claim 3] said hole conduction layer — the [ two or more ] — the self-organizing 
structure formed with the 1 super-branched polymer — containing — said 
electronic conduction layer — the [ two or more ] — the macromolecule structure 
including the self-organizing structure formed with the 2 super-branched polymer 
according to claim 2. 

[Claim 4] the laminating of said hole conduction layer and said electronic conduction 
layer of each other is carried out — having — **** — the [ said ] — the [ a 1 
super-branched polymer and / said ] — the macromolecule structure including the 
self-organizing structure formed of the noncovalent bond-interaction between 2 
super-branched polymers according to claim 3. 

[Claim 5] Either [ at least ] said hole conduction layer or said electronic conduction 
layer is the macromolecule structure according to claim 3 or 4 which has an 
isotropic property. 

[Claim 6] the [ said ] — the macromolecule structure given in either of claims 1-5 
either [ at least / whose ] a 1 super-branched polymer or a super-branched polymer 
[ 2nd / said / the ] is DIN DORIMA. 

[Claim 7] the [ said ] — claims 1-6 in which either [ at least ] a 1 super-branched 
polymer or a super-branched polymer [ 2nd / said / the ] has two or more sorts of 
different functions — the macromolecule structure given in either. 
[Claim 8] the [ said ] — the [ a 1 super-branched polymer and / said ] — between 
2 super-branched polymers — the — a 3 super-branched polymer — further — 
having — the [ said ] — the [ a 3 supei^branched polymer and / said ] — the [ a 1 
super-branched polymer or / said ] — the macromolecule structure according to 
claim 1 in which self-organizing structure is formed of the noncovalent bond- 
interaction between 2 super-branched polymers. 

[Claim 9] the [ said ] — a 1 super-branched polymer — hole conduction nature — 
having — the [ said ] — a 2 super-branched polymer — electronic conduction 
nature — having — the [ said ] — the macromolecule structure according to claim 
8 in which a 3 super-branched polymer has hole conduction nature, electronic 
conduction nature, and ion conductivity either. 

[Claim 10] said hole conduction layer — the [ two or more ] — the self-organizing 
structure formed with the 1 super^branched polymer — containing — said 
electronic conduction layer — the [ two or more ] — the self-organizing structure 
formed with the 2 super-branched polymer — containing — between said hole 
conduction layers and said electronic conduction layers — the [ two or more ] — 
the macromolecule structure according to claim 9 which has the further stratum 
functionale including the self-organizing structure formed with the 3 super-branched 
polymer. 



[Claim 11] the laminating of said hole conduction layer, said electronic conduction 
layer, and said further stratum functionale is carried out mutually — having — **** 
— the [ said ] — the [ a 1 super-branched polymer and / said ] — the [ the seli^ 
organizing structure formed of the noncovalent bond-interaction between 3 super- 
branched polymers, and / said ] — the [ a 2 super-branched polymer and / said ] — 
the macromolecule structure containing at least one side of the self-organizing 
structures formed of the noncovalent bond-interaction between 3 super-branched 
polymers according to claim 10. 

[Claim 12] At least one of said hole conduction layer, said electronic conduction 

layer, and said the further stratum functionale is the macromolecule structure 

according to claim 10 or 11 which has an isotropic property. 

[Claim 13] the [ said ] — the [ a 1 super-branched polymer and / said ] — the 

macromolecule structure given in either of claims 8-12 whose at least one of a 2 

super-branched polymer and a super-branched polymer [ 3rd / said / the ] is DIN 

DORIMA. 

[Claim 14] the [ said ] — the [ a 1 super-branched polymer and / said ] — the 
macromolecule structure given in either of claims 8-13 in which at least one of a 2 
super-branched polymer and a super-branched polymer [ 3rd / said / the ] has two 
or more sorts of different functions. 

[Claim 15] The functional device which has the electrode electrically connected to 
the macromolecule structure and said macromolecule structure given in either of 
claims 1-14. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the functional device using the 
macromolecule structure and it which have the super-branched polymer equipped 
with hole conduction nature or electronic conduction nature. 
[0002] 

[Description of the Prior Art] Since it excels in a moldability — a conductive 
polymer (it considers as the object containing the macromolecule of semi-conductor 
nature.) is easily made in the shape of a thin film — application development to 
various functional devices, such as a light emitting device, a solar battery, an organic 
FET component, and an optoelectric transducer, is furthered, the above-mentioned 
functional device — setting — between [ a semi-conductor-semi-conductor ] and 
semi-conductor - a conductor — the interface of a between etc. exists, and since 
carriers, such as a hole and an electron, pass these interfaces, a function is 



discovered. 

[0003] Although having stuck by the large area is important for such an interface, 
enlarging area of an interface has a limitation, and many of interfaces require much 
electric field and stress, and it deteriorates, or tends to exfoliate. For this reason, a 
fall of a speed of response, a fall of an output, etc. by neither the fall of the 
endurance resulting from degradation of an interface nor the area of an interface 
being fully large are caused. 

[0004] Then, since the area of an interface is increased on U.S. Pat. No. 5563424 
number specifications, the technique using the three-dimensions bicontinuous 
isolation construction of a polymer blend type polymer alloy is indicated. Moreover, 
the technique which used for JP.2000-286479.A the polymer alloy of the polymer of 
the copolymerization type which improved the endurance of an interface by forming 
a chemical bond in an interface is indicated. 

[0005] Moreover, super-branched polymers, such as DIN DORIMA and a hyper- 
branch polymer, attract attention In recent years. DIN DORIMA and a hypei^branch 
polymer are amorphous, are meltable to an organic solvent, and have the description 
of many ends which can introduce a functional radical existing, then, L.L — 
polyamide DIN DORIMA which has 1. 4, 5. and 8-naphthalene tetracarboxylic acid 
diimide residue which combined the 4th class pyridinium salt at the branching end 
has isotropic electronic conduction nature in .Miller;J.Am.Chem.Soc., and 1997. 119 
and 1005, and it is shown in them that this conductivity is based on the pi electron 
interaction by the spatial overlap of branching end structure. Moreover, it has hole 
(electron hole) conductivity structure at the branching end, and is indicated by 
JP,2000-336171,A about the photo-electric-conversion device using DIN DORIMA 
and it using DIN DORON which does not include the pi electron conjugated system 
containing a carbonyl group and the benzene ring. 

[0006] Hereafter, it is represented by the conjugated-system macromolecule and 
the conductive polymer which does not contain a super-branched polymer will be 
called "the conventional conductive polymer." 
[0007] 

[Problem(s) to be Solved by the Invention] However, about the functional device 
using the above-mentioned conventional conductive polymer, there is high charge 
conductivity in the direction of orientation of a chain, and it is influenced of the 
structure of a macromolecule. 

[0008] furthermore, the conventional conductive polymer — general — r upright — 
the thing of insoluble and infusible nature — many. Then, the polymer derivative and 
oligomer which introduced the side chain for melting nature, soluble grant, or 
improvement are used (for example, refer to JP,7-126616,A, JP,8-18125.A, and 
JP.10-92576.A). However, if a side chain is introduced, the flexibility of a 
macromolecule chain will become high, a glass transition point is discovered to 
operating temperature limits, consequently the thermochromism by micro Brownian 
motion arises, the conjugation length of a pi electron becomes short, and the 



problem that the stability of the property over temperature falls occurs. Moreover, if 
oligomer is used, problems — dependability falls — will arise. 
[0009] Moreover, it sets for the component currently indicated by JP.2000- 
3361 71. A on the other hand. Since only the charge conduction section is formed 
using DIN DORIMA and the charge generating section is formed using the 
conventional conductive polymer. Although the property of the charge conduction 
section formed from DIN DORIMA improves, since properties, such as energy 
transfer, carrier migration, etc. between layers, are substantially the same as the 
configuration which used the conventional conductive polymer, the problem of 
endurance and an interface exfoliating produces them. 

[0010] This invention is made in view of above-mentioned many points, and the 
purpose is in improving the property and/or dependability of a functional device 
which used the conductive polymer, and offering the macromolecule structure used 
suitable for such a functional device. 
[0011] 

[Means for Solving the Problem] the macromolecule structure which the 
macromolecule structure by this invention equips with a hole conduction layer and 
an electronic conduction layer ~ it is — the ~ with a 1 super-branched polymer 
the — a 2 super-branched polymer ~ having ~ the [ said ] ~ the [ a 1 super- 
branched polymer and / said ] — a 2 super-branched polymer — either at least 
Either a 1 super-branched polymer and a super-branched polymer [ 2nd / said / 
the ] are included, hole conduction nature or electronic conduction nature — having 

either said hole conduction layer and said electronic conduction layer — the 
[ said ] To at least one between said hole conduction layer, said electronic 
conduction layer and said hole conduction layer, and said electronic conduction layer 
the [ said ] — the [ a 1 super-branched polymer or / said ] — it is characterized by 
having the self-organizing structure by the noncovalent bond-interaction through a 
2 super-branched polymer, and the above-mentioned purpose is attained by that. 
[0012] a desirable operation gestalt ~ setting ~ the [ said ] ~ a 1 super-branched 
polymer — hole conduction nature — having — the [ said ] ~ a 2 super-branched 
polymer has electronic conduction nature. 

[0013] said hole conduction layer — the [ two or more ] — the self-organizing 
structure formed with the 1 super-branched polymer — containing — said 
electronic conduction layer ~ the [ two or more ] ~ it is desirable to include the 
self-organizing structure formed with the 2 super-branched polymer. 
[0014] the laminating of said hole conduction layer and said electronic conduction 
layer of each other is carried out — having — **** — the [ said ] — the [ a 1 
super-branched polymer and / said ] ~ it is desirable to include the self-organizing 
structure formed of the noncovalent bond-interaction between 2 super-branched 
polymers. 

[0015] either [ at least ] said hole conduction layer or said electronic conduction 
layer has an isotropic property — desirable ~ any — although ~ it is still more 



desirable to have an isotropic property. An isotropic property means that there is no 
substantial difference in a property between the main structures of two or more 
super-branched polymers (congener and different species are not asked), and 
between branching structures. 

[0016] the [ said ] — either [ at least ] a 1 super-branched polymer or a super- 
branched polymer [ 2nd / said / the ] is DIN DORIMA — desirable — any — 
although — it is still more desirable that it is DIN DORIMA. 

[001 7] the [ said ] — either [ at least ] a 1 super-branched polymer or a super- 
branched polymer [ 2nd / said / the ] may have two or more sorts of different 
functions. Two functions are fluorescence and electronic conduction nature. 
[0018] said macromolecule structure of a certain operation gestalt — the [ said ] — 
the [ a 1 super-branched polymer and / said ] — between 2 super-branched 
polymers — the — a 3 super-branched polymer — further — having — the [ said ] 
— the [ a 3 super-branched polymer and / said ] — the [ a 1 super-branched 
polymer or / said ] — self-organizing structure is formed of the noncovalent bond- 
interaction between 2 super-branched polymers. 

[0019] the [ said ] — a 1 super-branched polymer — hole conduction nature — 
having — the [ said ] — a 2 super-branched polymer — electronic conduction 
nature — having — the [ said ] — a 3 super-branched polymer may have hole 
conduction nature, electronic conduction nature, and ion conductivity either. 
[0020] said hole conduction layer — the [ two or more ] — the self-organizing 
structure formed with the 1 super-branched polymer — containing — said 
electronic conduction layer — the [ two or more ] — the self-organizing structure 
formed with the 2 super-branched polymer — containing — between said hole 
conduction layers and said electronic conduction layers — the [ two or more ] — 
you may have the further stratum functionale including the self^organizing structure 
formed with the 3 super-branched polymer. 

[0021] the laminating of said hole conduction layer, said electronic conduction layer, 
and said further stratum functionale is carried out mutually — having — **** — the 
[ said ] — the [ a 1 super-branched polymer and / said ] — the [ the self- 
organizing structure formed of the noncovalent bond-interaction between 3 super- 
branched polymers, and / said ] — the [ a 2 super-branched polymer and / said ] — 
It is desirable that at least one side of the self-organizing structures formed of the 
noncovalent bond-interaction between 3 super-branched polymers is included, and it 
is still more desirable that all are included. 

[0022] at least one of said hole conduction layer, said electronic conduction layer, 
and said the further stratum functionate has an isotropic property — desirable — 
any — although — it is still more desirable to have an isotropic property. 
[0023] the [ said ] — the [ a 1 super-branched polymer and / said ] — at least one 
of a 2 super-branched polymer and a super-branched polymer [ 3rd / said / the ] is 
DIN DORIMA — desirable — any — although — it is still more desirable that it is 
DIN DORIMA. 



[0024] the [ said ] — the [ a 1 super-branched polymer and / said ] — at least one 
of a 2 super-branched polymer and a super-branched polymer [ 3rd / said / the ] 
may have two or more sorts of different functions. 

[0025] The functional device by this invention has the electrode electrically 
connected to one of above-mentioned macromolecule structures and said 
macromolecule structures, and the above-mentioned purpose is attained by that 
[0026] 

[Embodiment of the Invention] Below, the gestalt of operation of this invention is 
explained. The super-branched polymer in this specification is a macromolecule 
which has at least one super-branching structural unit with the branching structure 
of the configuration of arbitration. The "super-branching structural unit" said here 
includes the DIN DORIMA structural unit and a hyper-branch polymer structural unit, 
as typically shown in drawing 1 . DIN DORIMA and a hyper-branch polymer are 
indicated by Masaaki Kakimoto, chemistry, 50 volumes, 608 pages (1995), a 
macromolecule, Vol.47, and p.804 (1998), for example. 
[0027] The super-branching structural unit 12 has start point 13a of one 
arborescence branching. You may be the structure which a limit does not have in 
the number of the branch points 13 which the super-branching structural unit 12 
has. and made only start point 13a of arborescence branching the branch point 13. 
Like the DIN DORIMA structural unit, the super-branching structural unit 1 2 may 
have regular repeat branching structure, has irregular repeat branching structure like 
a hyper-branch polymer structural unit, and is good. [ of a potato ] 
[0028] Although the super-branched polymer in this specification should just have at 
least one super-branching structural unit 1 2 shown in drawing 1 . it is desirable to 
have two or more super-branching structural units 12 (12a-12c) combined with the 
main structure (core) 14 like the super-branched polymer 10 shown in drawing 2 . As 
the self-organizing structure of the super-branched polymer 10 and the super- 
branched polymer 10 shows an isotropic property especially, it is desirable that the 
symmetric property of the molecular structure of the super-branched polymer 10 is 
high, and the number of the super-branching structural units 12 has three pieces or 
four desirable pieces. Although two or more super-branching structural units 1 2 
differ mutually, it is desirable from a viewpoint of the symmetric property of 
structure that it is the same. 

[0029] The super-branched polymer 10 shown in drawing 2 has the structure which 
arborescence branching start point 13a of three super-branching structural units 
12a, 12b, and 12c combined with 3 functionality atomic group as main structure 14. 
Although association with the main structure 14 and the super-branching structural 
unit 1 2 is covalent bond typically, it may be noncovalent bonds, such as hydrogen 
bond and coordinate bond. 

[0030] The super-branching structural units 12a, 12b, and 12c may differ mutually, 
and may be the same. As for three super-branching structural units 1 2a, 1 2b, and 
12c, it is desirable that it is the same so that the supermolecule macromolecule 10 



may have an isotropic property. Hereafter, the polyfunctional atomic group as main 
structure 14 will also be shown by the reference mark 14. 

[0031] In addition, the super-branched polymer 10 used by this invention may have 
hole conduction nature, electronic conduction nature, or Ion conductivity on the 
molecule front face, and may have carrier conductivity in what has an energy 
interaction between a molecule front face and the interior, and DIN DORON (repeat 
unit in a super-branching structural unit). A carrier moves the super-branched 
polymer 10 which has carrier conductivity on the surface of a molecule by the 
hopping between the end groups which have carrier conductivity. Since a carrier can 
move also between the main structure 14 and the super-branching structural units 
12 when it has the structure where DIN DORON has pi electrons, such as pi 
conjugation chain, and DIN DORON has carrier conductivity, the function which the 
main structure 1 4 has can be pulled out. 

[0032] In the main structure 14 of the super-branched polymer 10, it combines with 
arborescence branching start point 13a of the number of arbitration, and the 
structure of the part except the super-branching structural unit 12 after 
arborescence branching start point 1 3a is pointed out. Since the super-branched 
polymer 10 used suitable for this invention has two or more super-branching 
structural units 12 and has a spacial configuration with high symmetric property 
around the main structure 14 typically, the main structure 14 is located at the core 
of the spacial configuration of the super-branched polymer 1 0. 

[0033] As a polyfunctional atomic group 14 which constitutes the main structure 14, 
(1) carbon numbers are 1-20. Unsubstituted or the hydroxyl group with which the 
hetero atom of O, NH, N (CH3). S, and S02 grade may intervene, A carboxyl group, 
an acyl group or a fluorine atom, a chlorine atom, a bromine atom. The alkylene 
group of halogenation, such as iodine atom, and (2) carbon numbers The arylene 
radical of 6-20, (3) The radical which these alkylene groups and arylene radicals 
combined, the radical of many ** from which the hydrogen atom combined with the 
carbon atom of each radical of (4) above-mentioned (1) - (3) was desorbed, (5) The 
heterocycle radical of many **. the heterocycle radical of (6) many **, the above- 
mentioned radical which the hydrocarbon group of - (4) combined and above- 
mentioned (1) (7) porphyrin, and a porphyrin complex are mentioned. 
[0034] DIN DORON of the super-branched polymer 10 used for this invention may 
be aromatic series, or may be aliphatic series. Conjugated-system giant-molecule 
structures, such as giant-molecule structures, such as aromatic series or aliphatic 
series polyether structure, aromatic polyester structure, polysiloxane structure, 
polycarbosilane structure, polyether amide structure, polyamide amine structure, and 
polypropylene imine structure, and polypheny lene. polyphenylene vinylene, 
polyphenylene ethynylene, are mentioned, and. specifically, heterocycle radicals, 
such as the poly thiophene, poly thienylene vinylene, polypyrrole, and a polish roll, 
etc. may also be included. 

[0035] In order to give carrier conductivity to DIN DORON, DIN DORON may be 



given at pi conjugated-system structure, and tine structure of having dialkyi 
phenylamine residue, the structure of having triphenylamine residue, phenanthroline 
residue, imidazole residue, etc. may be given as hole conduction structure. Moreover, 
naphthalene tetracarboxylic acid diimide residue etc. may be given as electronic 
conduction structure. Moreover, **** which consisted of anions, such as a cull 
BOKIRI rate and a sulfonate functional group, and cations, such as alkali metal and 
an alkaline earth metal, may be given as ionic conduction structure. 
[0036] Furthermore, the atomic group (functional group) of other functionality can 
be introduced into the intramolecular of a super-branched polymer, and compound- 
ization of a function can be carried out. For example, the radical which has 
fluorescence, the radical which has ultraviolet absorption nature can be introduced 
into intramolecular. Specifically, giving rhodamine coloring matter etc. to the main 
structure of DIN DORIMA is mentioned. 

[0037] Although there Is no limit In the branching structure as long as it has the 
super-branching structural unit 12 as mentioned above, as for the super-branched 
polymer 10 used by this invention, it is desirable that it is DIN DORIMA from a 
viewpoint of the symmetry of the molecular structure. When the super-branched 
polymer 10 is DIN DORIMA and the main structure 14 includes a large thing and a 
long thing although there Is especially no limit in the generation number, from the 
compactness of an end group (the end of the supei-branching structural unit 12. 
end which constitutes the front face of the super-branched polymer 10). and 
composite ease, typical generation numbers are 1-10. and 3-5 are [ 2-8 are 
desirable still more desirable, generation numbers are 3-7. and ] the most desirable. 
In addition, as shown in drawing 3 . the degree of regular branching is indicated to be 
the generation of DIN DORIMA. 

[0038] the macromolecule structure by this invention — a hole conduction layer and 
an electronic conduction layer — having — the — the [ a 1 super-branched 
polymer and ] — it has a 2 super-branched polymer, the — the [ a 1 super- 
branched polymer and ] ~ a 2 super-branched polymer ~ either at least has hole 
conduction nature or electronic conduction nature, either a hole conduction layer 
and an electronic conduction layer ~ the ~ either a 1 super-branched polymer and 
a super-branched polymer [ 2nd / the ] ~ containing — at least one between a 
hole conduction layer, an electronic conduction layer and a hole conduction layer, 
and an electronic conduction layer ~ the ~ the [ a 1 super-branched polymer or ] 
~ it has the self-organizing structure by the noncovalent bond-interaction through 
a 2 super-branched polymer. 

[0039] That is. the macromolecule structure by this invention includes the self- 
organizing structure formed of the noncovalent bond-interaction through the super- 
branched polymer mentioned above. Self^organizing structure could be formed 
between super-branched polymers of the same kind, and could be formed between 
super-branched polymers of a different kind. Moreover, when the macromolecule 
structure contains the conventional chain macromolecule. you may be the self- 



organizing structure formed between the super-branched polymer and the 
conventional chain macromolecule. When using a super-branched polymer, the 
minimum self-organizing structure may be formed with two super-branched 
polymers (dyad). 

[0040] Either the hole conduction layer which one side of [ at least two sorts which 
the macromolecule structure by this invention has of ] the super-branched polymers 
has hole conduction nature or electronic conduction nature, and the macromolecule 
structure has. and an electronic conduction layer contain the above-mentioned 
super-branched polymer, the [ for example. ] — a 1 super-branched polymer — hole 
conduction nature — having — the — the case where a 2 super-branched polymer 
has electronic conduction nature — a hole conduction layer — the — a 1 super- 
branched polymer — containing — an electronic conduction layer — the — a 2 
super-branched polymer is included, this time — self^orgahizing structure — the — 
it forms in a hole conduction layer by the interaction between 1 super-branched 
polymers — you may have — the — it forms in an electronic conduction layer by 
the interaction between 2 super-branched polymers — you may have — the [ or ] - 
- the [ a 1 super-branched polymer and ] — it may be formed in the interface of a 
hole conduction layer and an electronic conduction layer of the interaction between 
2 super-branched polymers. Preferably, it is desirable that a hole conduction layer, 
an electronic conduction layer, and all between these (interface field) include self- 
organizing structure. 

[0041] In addition, Van der Waals force, hydrogen bond, an electrostatic interaction, 
a pi electron interaction, a charge transfer interaction, etc. are included in a 
noncovalent bond-interaction. 

[0042] Here, the seH^organizing structure which the macromolecule structure of this 
invention has is explained, referring to drawing 4 (a) and (b). 

[0043] Since the special configuration of a super-branched polymer used for this 
invention makes an isotropic property discover, a spherical thing as [ a thing ] shown 
in discoid (the shape of a disk) and drawing 4 (b) as shown in drawing 4 (a) is 
desirable. In addition, the super-branched polymer which has such a spacial 
configuration is obtained by adjusting suitably main structure, the structure of DIN 
DORON, and a generation number, as mentioned above. 

[0044] Disc-like super-branched polymer 10a forms self-organizing structure 20a by 
the noncovalent bond-interaction committed between the molecule, as shown in 
drawing 4 (a). Moreover, spherical super-branched polymer 1 0b forms self^organizing 
structure 20b by the noncovalent bond-interaction committed between the molecule, 
as shown in drawing 4 (b). Although self-organizing structure 20b to which super- 
branched polymer 10b of a two-layer eye is located in the four centers of super- 
branched polymer 10b of the 1st layer is illustrated in drawing 4 (b), it may not be 
restricted to this but the self-organizing structure where super-branched polymer 
10b of a two-layer eye laps with the 1st layer mutually may be formed. 
[0045] In drawing 4 (a) and (b). the super-branched polymers 10a and 10b by which 



the laminating is carried out may be of the same kind respectively, and may be 
things of a different kind. That is, one stratum functionale (for example, hole 
conduction layer) may be constituted from two or more layers which consist of a 
super-branched polymer of the same kind, and one stratum functionale may consist 
of monomolecular layers of a super-branched polymer. Therefore, if the self^ 
organizing structures 20a and 20b shown in drawing 4 (a) and (b) may constitute the 
single stratum functionale. they may constitute the laminated structure of two or 
more stratum functionale. 

[0046] Thus, by making the self-organizing structure by the noncovalent bond- 
interaction form, the migration of energy and the migration of a carrier which were 
generated on each class take place smoothly between each class within each class 
through the strong part of a noncovalent bond-interaction, and become possible 
[ making passing speed quick ]. 

[0047] Moreover, since a super-branched polymer with three-dimension-breadth 
and/ or its seH^organizing structure are bearing functions, such as conductivity, 
generating of the problem of being easy to depend for a property on temperature like 
the conventional conductive polymer to which a 1 -dimensional conjugation chain 
bears a function is controlled. 

[0048] The well-known membrane formation approach is widely applicable to the 
approach of forming stratum functionale, such as a hole conduction layer and an 
electronic conduction layer, using a super-branched polymer. Since a super- 
branched polymer is excellent in the solubility over a solvent compared with the 
conductive polymer of the conventional conjugated system etc., it can prepare a 
solution using various solvents. The film of a super-branched polymer can be formed 
by applying or printing this solution on a substrate (base material) 21 by approaches, 
such as a spin coating method, a DIP coating method, the casting method, print 
processes, and the ink jet method, and heat-treating it after desiccation if needed. 
[0049] For example, the monomolecular film of a super-branched polymer can form a 
substrate 21 in the solution of predetermined concentration, when only 
predetermined time amount is immersed. If the layer which shows a super-branched 
polymer and a noncovalent bond-interaction is beforehand formed in the substrate 
front face, a monomolecular layer will be formed, forming seM^organizing structure. 
[0050] Thus, the macromolecule structure of this invention can be formed by 
carrying out sequential formation of the film of a super-branched polymer on a 
substrate 21. 

[0051] Moreover, since a super-branched polymer is fused at low temperature 
compared with the conventional conjugated-system conductive polymer etc., it can 
also be fabricated in various configurations by hot pressing, the injection-molding 
method, the transfer-molding method, etc. The macromolecule structure of this 
invention can be obtained by carrying out the laminating of the obtained film of a 
super-branched polymer. 

[0052] In drawing 4 (a) and (b). although the self-organizing structure by the 



noncovalent bond-interaction between super-branched polymers was explained, 
self-organizing structure may be formed also of the noncovalent bond-interaction 
between a super-branched polymer and the conventional chain macromolecule. the 
[ for example. ] — a hole conduction layer can be formed with a 1 super-branched 
polymer, an electronic conduction layer can be formed by the conventional 
conductive polymer (chain-like conjugated-system macromolecule), and self- 
organizing structure can also be formed by the noncovalent bond-interaction 
between these. 

[0053] As giant molecules other than a super-branched polymer, that by which side 
chains, such as nitrogen ring type compound derivatives, such as a phthalocyanine 
system derivative, an azo compound system derivative, a perylene system derivative, 
the Quinacridone system derivative, a polycyclic quinone system derivative, a 
cyanine system derivative, a fullerene derivative. Indore. and a carbazole, a 
hydrazone derivative, a triphenylamine derivative, and a polynuclear aromatic 
compound derivative, were introduced into principal chains, such as for example, a 
polystyrene chain, a polysiloxane chain, a polyether chain, a polyester chain, a 
polyamide chain and a polyimide chain, be mentioned Furthermore, aromatic series 
system conjugated-system macromolecules which are conjugated-system 
macromolecule chains, such as poly para-phenylene, Heterocycle type conjugated- 
system giant molecules, such as aliphatic series system conjugated-system giant 
molecules, such as polyacethylene, polypyrrole, and the poly thiophene, ** hetero 
atom conjugated-system macromolecules. such as Pori aniline and polyphenylene 
sulfide. Carbon mold conjugated-system macromolecules, such as a compound-die 
conjugated-system macromolecule which has the structure which the configuration 
unit of the above-mentioned conjugated-system macromolecules. such as Pori 
(phenylenevinylene). Pori (arylene vinylene). and Pori (thienylene vinylene), combined 
by turns, Polysilane, disilanylene polymers, disilanylene carbon system conjugate 
property polymer structure, etc. are mentioned. 

[0054] Moreover, typically, although the macromolecule structure by this invention 
has the laminated structure as mentioned above, it does not necessarily need to 
have a laminated structure, the [ for example. ] — the [ a 1 super-branched polymer 
and ] — a 2 super-branched polymer may be mixed, and the thing in which self^ 
organizing structure was made to form by the noncovalent bond-interaction between 
these may be mixed and distributed in a macromolecule matrix. Furthermore, when 
the concentration of a super-branched polymer in a macromolecule matrix is high 
enough, a hole conduction layer can be formed using the constituent which 
distributed the super-branched polymer offer example, hole conduction nature in 
the insulating macromolecule matrix. At this time, self-organizing structure may be 
formed between the electronic conduction layers which adjoin this hole conduction 
layer and the self-organizing structure by the noncovalent bond-interaction between 
the super-branched polymers distributed in the macromolecule matrix is not only 
formed, but are formed. A super-branched polymer may be formed from the 



constituent with which the electronic conduction layer was also distributed in the 
macromolecule matrix. 

[0055] As an ingredient of a macromolecule matrix, if formation of self^organizing 
structure is not checked The polycarbonate which especially a limit does not have, 
for example, uses a 2 and 2-bis(4-hydroxyphenyl) propane (common-name bisphenol 
A) as a raw material. The polycarbonate which uses a 2 and 2-bis(3-MECHIRU 4- 
hydroxyphenyl) propane (common-name bisphenol C) as a raw material. The 
polycarbonate which used the bis(4-hydroxyphenyl) phenylmethane (common-name 
bisphenol P) as the raw material. The polycarbonate and aromatic series 
polycarbonate resin which use a 1 and 1 -bis(4-hydroxyphenyl) cyclohexane 
(common-name bisphenol Z) as a raw material. The thermoplasticity or 
thermosetting resin of polyarylate resin, acrylic resin, styrene resin, a polyvinyl 
chloride, a vinyl chloride vinyl acetate copolymer, polyvinyl acetate, a polyvinylidene 
chloride, phenoxy resin, an epoxy resin, phenol resin, etc. can be illustrated. 
[0056] When using it into a macromolecule matrix, distributing a super-branched 
polymer, the loadings of a super-branched polymer are less than 100 % of the weight 
40 % of the weight or more, and are less than 1 00 % of the weight 60 % of the weight 
or more preferably. 

[0057] There is especially no limit in the approach of preparing the constituent of 
such a super-branched polymer dispersed system, for example, it can be prepared 
using various solvents to it. As a solvent used suitably, tetrahydro furan (THF). 1 ,4- 
dioxane, cyclohexanone. toluene, chlorobenzene. methyl-ethyl-ketone (MEK), 
acetone, N. and N-dimethyl formaldehyde (DMF), a methylene chloride, etc. can be 
illustrated. The film of a super-branched polymer dispersed system constituent can 
be formed by applying or printing the obtained solution by approaches, such as a 
spin coating method, a DIP coating method, the casting method, print processes, and 
the Inkjet method, and heat-treating it after desiccation if needed. 
[0058] Additives, such as a dopant, may be added in the solution of the constituent 
containing the solution and the super-branched polymer of a super-branched 
polymer. As an additive, the dopant of styryl coloring matter (DCM), etc. n mold, or p 
mold etc. is mentioned, for example. Various additives can be used according to the 
class and function of a super-branched polymer. Since especially a super-branched 
polymer may have two or more functions by introducing into intramolecular the 
radical which has fluorescence, the radical which has ultraviolet absorption nature, it 
can perform compound-ization of improvement in a property, or the further function 
by using an additive in this way. 

[0059] Various functional devices can be constituted by preparing the electrode for 
impressing an electrical potential difference to the macromolecule structure by this 
invention. For example, the giant-molecule structure by this invention can be used 
for a solar battery, an optoelectric transducer, an organic FET component, a 
capacitor, a light emitting device, an electrochromic element, a polymer rechargeable 
battery, etc. Detail of the component structure suitable for each application is given 



below. 

[0060] In an optoelectric transducer or a solar battery, although the macromolecule 
structure is generally inserted and arranged with the parallel plate electrode of a pair, 
it may be formed on the Kushigata electrode and limited to this. Although especially 
an electrode material is not limited, when it is an parallel plate electrode, as for one 
[ at least ] electrode, it is desirable that they are transparent electrodes, such as tin 
oxide which made the ITO electrode and the fluorine dope. Moreover, the above- 
mentioned macromolecule structure is formed from a p type semiconductor nature 
or hole conductivity super-branched polymer and a n-type-semiconductor nature or 
electronic conductivity super-branched polymer, moreover, introduce a 
photosensitization dye base into above-mentioned two-layer one of super-branched 
polymers, or HOMO (fortune-telling-ed [ highest ] electric charge ****) level is 
lower than HOMO of a super-branched polymer [ conductivity / hole ] between 
[ two-layer ] the above. If the macromolecule and the super-branched polymer 
which introduced the photosensitization coloring matter molecular structure with 
LUMO (minimum non-fortune-telling electric charge ****) level higher than LUMO 
of a super-branched polymer [ conductivity / electronic ] are introduced, when 
improving further and using as a solar battery etc.. an efficient generation of 
electrical energy can be performed. 

[0061] Furthermore, ion conductivity super-************ in which oxidation 
reduction is possible can form an electrochemistry optoelectric transducer by 
preparing a ** ion conductive polymer between the above-mentioned p type 
semiconductor nature or a hole conductivity super-branched polymer, and a n-type- 
semiconductor nature or electronic conductivity super-branched polymer. When 
optical pumping of the p type semiconductor nature or hole conductivity super- 
branched polymer is carried out at this time, the oxidation reduction ranking of an 
ion conductivity super-branched polymer or an ion conductive polymer is higher 
than LUMO of a super-branched polymer [ conductivity / p type semiconductor 
nature or / hole ]. and it is desirable to be set up lower than LUMO of a super- 
branched polymer [ conductivity / n-type-semiconductor nature or / electronic ]. 
On the other hand, when optical pumping of the n-type-semiconductor nature or 
electronic conductivity super-branched polymer is carried out. it is higher than 
HOMO of a super-branched polymer [ conductivity / p type semiconductor nature 
or / hole ], and it is desirable to be set up lower than HOMO of a super-branched 
polymer [ conductivity / n-type-semiconductor nature or / electronic ]. Moreover, 
when optical pumping of both p type semiconductor nature, a hole conductivity 
super-branched polymer and n-type-semiconductor nature, or the electronic 
conductivity super-branched polymer is carried out, it is higher than LUMO of a 
super-branched polymer [ conductivity / p type semiconductor nature or / hole ], 
and it is desirable to be set up lower than HOMO of a super-branched polymer 
[ conductivity / n-type-semiconductor nature or / electronic ]. Moreover, a 
photosensitization nature dye base may be introduced into either of each class if 



needed. 

[0062] About the macromolecule structure of a three-tiered structure, two-layer is 
a super-branched polymer at least, the layer of next doors is a super-branched 
polymer preferably, and it is desirable that all three layers are formed from the 
super-branched polymer still more preferably. A property and dependability can be 
improved by forming self-organizing structure between the layers in each layer. 
[0063] Also in a light emitting device, in many cases, the macromolecule structure of 
this invention is inserted into an parallel plate electrode, and is arranged, the 
structure of a below typical functional device — (e) from drawing 5 (a) ~ setting ~ 
reference marks 1 and 4 — the electrode of a pair ~ being shown ~ the reference 
agreement 2 — in the hole conduction layer and the reference mark 6. a hole 
conduction layer (or luminous layer) and a reference mark 7 show a luminous layer, 
and. as for the electronic conduction layer and the reference mark 3, the reference 
mark 8 shows [ the electronic conduction layer (or luminous layer) and the reference 
mark 5 ] the charge generating layer, respectively. 

[0064] With the structure 1 shown in drawing 5 (a), the structure 2 shown in drawing 
5 (b), and the structure 3 shown in drawing 5 (c), the recombination effectiveness of 
the carrier of the positive/negative poured in from the two electrodes 1 and 4 of a 
pair can be raised. With the structure 4 shown in drawing 5 (d), contact in electrodes 
1 and 4. and a luminous layer 7 and a carrier conduction layer (the electronic 
conduction layer 2 and hole conduction layer 5) can be made into a more positive 
thing, and the carrier injection efficiency from electrodes 1 and 4 can be increased. 
Moreover, as the term of the above-mentioned optoelectric transducer described, 
the radical concerning luminescence etc. may be introduced into the radical 
concerning luminescence, the radical of coloring matter, and main structure inside a 
super-branched polymer. Moreover, the super-branched polymer with which 
functions differ is mixed, the self^organizing structure of a super-branched polymer 
is formed, and you may make it combine a carrier conduction function and a 
luminescence function structurally by it. 

[0065] Thus, in the functional device by this invention, compound-izing of the 
function in the intramolecular of a super-branched polymer and compound-izing of 
the function which the self-organizing structure by the noncovalent bond- 
interaction between molecules brings about are possible. Moreover, in the well- 
known applying methods, such as a dip method, and the ink jet method, a spin 
coating method, if the seM^organizing structure by the noncovalent bond-interaction 
is made to form by two coats, or it mixes with the ink of the ink jet method, or the 
solution of a dip method and a spin coating method and the inside of a solution or a 
solvent is removed, it is possible to form the self-organizing structure by the 
noncovalent bond-interaction during membrane formation of coincidence. In addition, 
the macromolecule structure may be directly formed on the substrate for functional 
devices, and may imprint the macromolecule structure formed separately as 
mentioned above to the substrate for functional devices. 



[0066] It is controlled by the molecular level by nano structure, and one layer can 
control easily even the thickness and molecular orientation of a laminated structure 
of dozens of number - nm order, and since the self-organizing structure by the 
noncovalent bondHnteraction has the effectiveness of the injection efficiency 
between the layers of a carrier increasing for electric-field concentration effect the 
large improvement in the engine performance of it is also attained. 
[0067] An organic transistor component makes a conductive layer either a hole 
conduction layer or an electronic conduction layer, uses another side as a semi- 
conductor jayer. and can realize it using the macromolecule structure by which the 
insulating layer was prepared between the above-mentioned conductive layer and 
the semi-conductor layer by forming a gate electrode, a source electrode, and a 
drain electrode in this macromolecule structure. 

[0068] A capacitor (capacitor) also makes a conductive layer either a hole 
conduction layer or an electronic conduction layer, uses another side as a semi- 
conductor layer, and is formed using the macromolecule structure by which the 
insulating layer was prepared between the above-mentioned conductive layer and 
the semi-conductor layer. Furthermore, a hole conduction layer and an electronic 
conduction layer are made into a conductive layer, among conductive layers, an ion 
conductivity layer may be inserted, or a hole conduction layer may be used as a p 
type semiconductor layer, an electronic conduction layer may be used as a n-type- 
semiconductor layer, and the continuation layer of this may be formed. 
[0069] It considers as the macromolecule layer which can p mold dope a hole 
conduction layer, and it discolors by the oxidation reduction reaction, considers as 
the macromolecule layer which can n mold dope an electronic conductivity layer, and 
discolors by the oxidation reduction reaction, and an electrochromic element is 
formed from the macromolecule structure which has the layer which contained the 
supporting-electrolyte salt between the layer. Moreover, this component structure 
can be used also as a polymer rechargeable battery, and can offer high capacity and 
the rechargeable battery of low internal resistance, 

[0070] As mentioned above, since the functional device of this invention is equipped 
with the macromolecule structure which has the self^organizing structure which 
minded the noncovalent bond-interaction of further a super-branched polymer 
including the super-branched polymer which has an isotropic property, it can have 
very high carrier conductivity with isotropy, between layers can contact still more 
certainly, and it can offer high-reliability and the functional device of high endurance, 
moreover, the functional device of this invention is formed only by applying the 
solution (or macromolecule) of a macromolecule, and control of the molecular level 
of a nano-scale is possible for it to thickness and molecular orientation — certain 
** 

[0071] Furthermore, the functional device and component structure which are not in 
the former which had compound-izing of the function according various functional 
groups to installation, compound-izing of the function by the self-organizing 



structure by the noncovalent bond-interaction, and the manifestation of a new 
function in the molecule of a super-branched polymer can be offered. By a 
conventional polymer ingredient and a conventional polymer alloy system, this is the 
structure which cannot be formed. 

[0072] The synthetic example of a super-branched polymer is shown below. 
[0073] As a thing of a polypropylene imine system, the compound of a chemical 
formula 2 is generated by carrying out the cyanoethylation reaction of the primary 
amine compound of a chemical formula 1 with acrylonitrile according to an acetic- 
acid catalyst in water-toluene first. 
[0074] 
[Formula 1] 

[0075] 
[Formula 2] 

<§>-< 

^CN 

[0076] Subsequently, the compound of a chemical formula 3 is generated by carrying 
out a hydrogenation reaction according to a cobalt catalyst (Raney catalyst) to the 
compound of the above-mentioned chemical formula 2. 
[0077] 
[Formula 3] 

<2>-< 

[0078] That is. two branched amino groups (chemical formula 2) are obtained from 
one amino group (chemical formula 1), and the compound of a chemical formula 4 to 
the chemical formula 6 is easily obtained by repeating the above-mentioned reaction. 
[0079] 




[0080] 
[Formula 5] 

[0081] 
[Formula 6] 

^ 5 ^ a? 



[0082] moreover, diver Gent who compounds a super-branched polymer toward a 
core from the outside of a molecule — KOMBA Gent who compounds toward a core 
from law or an outside — DIN DORIMA of chemical formula 7 grade is compoundable 
with law. 
[0083] 
[Formula 7] 




[0084] Moreover, commercial polypropylene imine DIN DORIMA (Aldrich catalog 
DAB-Am -4. 8. 16, 32, 64) may be used. 4-(N and N-diethylamino) ethyl benzoate or 
4-(1, 8-North America Free Trade Agreement RUJIIMIJIRU benzoic acid) methyl is 
dissolved in N and N-dimethyl formaldehyde there. Distill off the ethanol generated 
while carrying out heating stirring at 60 degrees C under reduced pressure, and a 
silica gel chromatography refines after concentration. The matter from which the 
amino group of the branching end of this DIN DORIMA or a hyper-branch polymer 
was changed into the amide of 4-diethylamino benzoic acid or the amide of 4-(1, 8- 
North America Free Trade Agreement RUIMIJIRU) benzoic acid is obtained. 
[0085] 4-BUROMO methylene methyl benzoate (** 8) etc. and 1. 3, and 5- 
TORIHAIDOROKISHI benzene (** 9) are used as a thing of a poly benzyl ether 
system. Hawker, C.J.et By al.;J.Am.Chem.Soc. and the etherification reaction which 
uses the anhydrous-potassium-carbonate and 1 8-crown -6 ether like 1 1 2.p.7638 
(1990) It is possible to obtain DIN DORIMA and the hyper-branch polymers of a poly 
benzyl ether system, such as a super-branched polymer compound (** 10). and 
when it is 4-BUROMO methylene methyl benzoate, it is also possible to change the 
methyl ester radical of an end into a carboxyl group, potassium salt, etc. 
[0086] 
[Formula 8] 

BrCHj— /oV— COOCH3 



[0087] 
[Formula 9] 




[0088] 

[Formula 10] 




[0089] As a thing of a polyphenylene vinylene system, it is Shirshendu. KDebet Using 
al.;J.Am.Chem.Soc, 119. and p.9079 (1997), sodium hydride is made for the product 
(** 12) of an Arbuzov reaction to react in a N-methyl-2-pyrrolidone (NMP) from a 3 
and 5~G tert-butyl benzaldehyde (** 11) and 5-BUROMO-meta xylene, and a 
product (** 13) is compounded. Two bromines of further 1, 3, and 5-TORIBUROMO 
benzene are changed into vinyl by the Still coupling reaction, and a product (** 14) 
is generated By repeating these, DIN DORON of polyphenylene vinylene systems, 
such as a product (** 1 5), is generated. It can be made to be able to react to this 
with what can serve as main structures, such as BENZOTORI phosphate (** 16), 
and DIN DORIMA and the hyper-branch polymers of a polyphenylene vinylene 



system, such as a super-branched polymer compound (** 1 7). can be generated. 
[0090] 

[Formula 11] 




[0091] 

[Formula 12] 




(EtO)/0)P P(0)(OEt:i, 



[0092] 

[Formula 13] 
Br 




[0093] 

[Formula 14] 

;ho 




[0094] 

[Formula 15] 



[0095] 

[Formula 16] 




p(o)(oEt:i^ 



(EtO)^(0)P P(0)(OEt\ 



[0096] 

[Formula 17] 



[0097] Although the super-branched polymer with which main structure and super- 
branching structure were combined through covalent bond was illustrated in the 
above-mentioned example, the super-branched polymer used for this invention is 
not restricted to this, but main structure and super-branching structure may 
combine it through a noncovalent bond. 

[0098] For example, the molecule A shown by the following (** 18) forms DIN 
DORIMA as six pieces joined together mutually and shown by (** 19) by hydrogen 
bond. 
[0099] 

[Formula 18] 




[0100] 

[Formula 19] 



A 




[0101] As explained in full detail above, according to this invention, it is possible to 
raise the engine performance of a functional device according to the component 
structure which is not in the former using a super-branched polymer, and it 
becomes possible to produce such a functional device simple, and industrial value is 
very large. 
[0102] 

[Example] Next, the example of the functional device by the operation gestalt of this 
invention is explained below with the example of a comparison. However, this 
invention is not limited to these examples. 
[0103] (Example 1) 

ITO was formed in the organic light emitting device glass substrate as an anode 
plate, and the super-branched polymer compound 1 was formed at the room 



temperature with the spin coating method using the tetrahydro furan solution of the 
super-branched polymer compound 1 (♦* 20) ionized by random in part as a hole 
conduction layer. Thickness could be lOOnm, Furthermore, the super-branched 
polymer compound 2 was formed at the room temperature with the spin coating 
method using the tetrahydro furan solution of the super-branched polymer 
compound 2 (** 21) which served both as the luminous layer and the electronic 
conduction layer, and the macromolecule structure in which the thin film of the 
super-branched polymer compound 1 and the thin film of the super-branched 
polymer compound 2 formed the self-organizing structure by the electrostatic 
interaction was obtained. The thickness of the super-branched polymer compound 2 
could be 50nm. And the MgAg alloy (weight ratio 10:1) was vapor-deposited, cathode 
was formed, and the light emitting device of the structure shown in drawing 5 (a) 
was produced. 
[0104] 

[Formula 20] 




[0105] 

[Formula 21] 



[0106] When made this light emitting device impress and drive a predetermined 
electrical potential difference, light was made to emit and initial brightness was 
measured, the brightness of 1500 cd/m2 was shown. Furthermore. 3000 hours or 
more were taken to halve initial brightness. 

[0107] (Example 1 of a comparison) The light emitting device of the same structure 
as an example 1 was produced except having used the mixture of polyethylene 
dioxythiophene and sodium polystyrene sulfonate for the hole conduction layer. 
When made this light emitting device impress and drive a predetermined electrical 
potential difference, light was made to emit and initial brightness was measured, the 
brightness of 800 cd/m2 was shown. Furthermore. 800 hours was taken to halve 
initial brightness. 
[0108] (Example 2) 

ITO was formed in the organic light emitting device glass substrate as an anode 
plate, and the super-branched polymer compound 3 was formed at the room 
temperature with the spin coating method, using the tetrahydro furan solution of the 
super-branched polymer compound 3 (** 22) as a hole conduction layer. Thickness 
could be 50nm. Moreover, the super-branched polymer compound 4 was formed at 
the room temperature with the spin coating method, using the tetrahydro furan 
solution of the super-branched polymer compound 4 (** 23) as a luminous layer. 
Thickness could be 30nm. Furthermore, the super-branched polymer compound 5 
was formed at the room temperature with the spin coating method, using the 



tetrahydro furan solution of the super-branched polymer compound 5 (** 24) as an 
electronic conduction layer, and the macromolecule structure in which the thin film 
of the super-branched polymer compound 4 and the thin film of the super-branched 
polymer compound 5 formed the self-organizing structure by the electrostatic 
interaction was obtained. The thickness of the super-branched polymer compound 5 
could be 50nm. And the MgAg alloy (weight ratio 10:1) was vapor-deposited, cathode 
was formed, and the light emitting device of the structure shown in drawing 5 (d) 
was produced. 

[0109] When made this light emitting device impress and drive a predetermined 
electrical potential difference, light was made to emit and initial brightness was 
measured, the brightness of 1 500 cd/m2 was shown. Furthermore, 3000 hours or 
more were taken to halve initial brightness. 
[0110] 

[Formula 22] 




[0111] 

[Formula 23] 




[0112] 
[Formula 24] 




[01 13] (Example 2 of a comparison) The light emitting device of the same structure 
as an example 2 was produced except having used the mixture of polyethylene 
dioxythiophene and sodium polystyrene sulfonate for the hole conduction layer, and 
having used the poly hexyl thiophene as a luminous layer. When made this light 
emitting device impress and drive a predetermined electrical potential difference, 
light was made to emit and initial brightness was measured, the brightness of 800 
cd/ m2 was shown. Furthermore, 800 hours was taken to halve initial brightness. 
[0114] (Example 3) 

The MgAg alloy (weight ratio 10:1) vacuum evaporationo electrode was formed in the 
organic rectifying-device glass substrate, and the super-branched polymer 
compound 1 was formed at the room temperature with the spin coating method, 
using the tetrahydro furan solution of the super-branched polymer compound 1 (** 
20) as a hole conduction layer. Thickness could be 50nm. Furthermore, the super- 
branched polymer compound 5 was formed at the room temperature with the spin 
coating method, using the tetrahydro furan solution of the super-branched polymer 
compound 5 (** 24) as an electronic conduction layer, and the macromolecule 
structure in which the thin film of the super-branched polymer compound 1 and the 
thin film of the super-branched polymer compound 5 formed the self-organizing 



structure by the electrostatic interaction was obtained. The thickness of the super- 
branched polymer compound 5 could be 50nm. And the MgAg alloy (weight ratio 
10:1) was vapor-deposited, the up electrode was formed, and the organic rectifying 
device was produced. 

[01 15] Light was intercepted for this rectifying device and the current-voltage 
characteristic was measured. Only when an up electrode was made negative, the 
rectifying characteristic to which a current flows was shown. Furthermore, after 
leaving this rectifying device for three months at a room temperature, when [ same ] 
measured, neither degradation of a property nor peeling of a film interface was 
produced. 

[01 16] (Example 3 of a comparison) The organic rectifying device of the same 
structure as an example 3 was produced except having used the mixture of 
polyethylene dioxythiophene and sodium polystyrene sulfonate for the hole 
conduction layer. 

[0117] Light was intercepted for this rectifying device and the current-voltage 
characteristic was measured When an up electrode was made negative, the 
rectifying characteristic to which a current flows was shown, but after leaving this 
rectifying device for three months at a room temperature, when [ same ] measured, 
degradation of a property and peeling of a film interface had arisen. 
[0118] (Example 4) 

ITO was formed in the organic solar battery element glass substrate as an electrode 
pole, and the super-branched polymer compound 5 was formed at the room 
temperature with the spin coating method, using the tetrahydro furan solution of the 
super-branched polymer compound 3 (** 22) as a hole conduction layer. Thickness 
could be 50nm. Moreover, the super-branched polymer compound 6 was formed at 
the room temperature with the spin coating method, using the tetrahydro furan 
solution of the super-branched polymer compound 6 (** 25) as a charge generating 
layer. Thickness could be 30nm. Furthermore, the super-branched polymer 
compound 5 was formed at the room temperature with the spin coating method, 
using the tetrahydro furan solution of the super-branched polymer compound 5 (** 
24) as an electronic conduction layer, and the macromolecule structure in which the 
thin film of the super-branched polymer compound 6 and the thin film of the super- 
branched polymer compound 5 formed the self^organizing structure by the 
electrostatic interaction was obtained. The thickness of the super-branched polymer 
compound 5 could be 50nm. And the MgAg alloy (weight ratio 10:1) was vapor- 
deposited, the electrode was formed, and the organic solar battery element was 
produced. 
[0119] 

[Formula 25] 




[0120] When the tungsten lamp light which cut 400nm or less into this solar battery 
element was irradiated and the initial energy conversion efficiency was measured, 
1 .8 - 2.2% and a good value were acquired. 

[0121] (Example 4 of a comparison) The light emitting device of the same structure 
as an example 2 was produced except having used the mixture of polyethylene 
dioxythiophene and sodium polystyrene sulfonate for the hole conduction layer, and 
having used the copper phthalocyanine as a charge generating layer. 
[0122] When the tungsten lamp light which cut 400nm or less into this solar battery 
element was irradiated and the initial energy conversion efficiency was measured, 
the value of 1.0 - 1.2% was acquired. 

[0123] Since the stratum functionale which consists of a super-branched polymer 
more than two-layer formed self-organizing structure by the noncovalent bond- 
interaction by the functional device of examples 1-4 from the above result, 
component structure (especially interface structure) was stabilized and it turned out 
that a property can be improved by leaps and bounds. 



[0124] 

[Effect of the Invention] Since the macromolecule structure by this invention is 
equipped with the self-organizing structure by the noncovalent bond-interaction 
through it including a super-branched polymer, it can improve the property and 
dependability of the functional device using the conventional conductive polymer. 
[0125] The functional device by this invention is applicable suitable for a light 
emitting device, a display, a solar battery, an optoelectric transducer, a light 
modulation element, an organic FET component, a capacitor, a rectifying device, or 
various sensor components. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the conceptual diagram showing the structure of a super-branched 
polymer, and a classification typically. 

[Drawing 2] It is drawing showing typically the structure of a super-branched 
polymer where it is used for this invention. 

[Drawing 3] It is the mimetic diagram showing the concept of the generation number 
of DIN DORIMA. 

[Drawing 4] (a) And (b) is the mimetic diagram showing the example of the self- 
organizing structure formed with the super-branched polymer by this invention. 
[Drawing 5] (a) - (e) is the outline sectional view showing the example of the 
functional device concerning the operation gestalt of this invention. 
[Description of Notations] 

1 Four Electrode 

2 Electronic Conduction Layer 

3 Electronic Conduction, Luminous Layer 

5 Hole Conduction Layer 

6 Hole Conduction, Luminous Layer 

7 Luminous Layer 

8 Charge Generating Layer 
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